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Abstract 
How to estimate the results of medical image registration is still a problem, because of no "golden estimation 
criterion". In this paper, a qualitative meta analysis method is applied to analyze medical image registration 
performance evaluation based on the recent published literature, presenting an overview of existing estimation 
statistics criteria for medical image registration. At last, a summary of some problems still existing in this field is 
given out, which may be the hot in the future. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
Keyword: image registration; registration evaluation; performance assessment; meta analysis; medical images 
1. Introduction 
Image registration is of great importance in image engineering, and it arises and develops with the 
expanded applications of various imaging techniques. Registration is a problem of major interest in almost 
all applications in medical image processing, which is now an indispensable technique for disease 
diagnosis and neuroscience research. Multimodality image registration, combining information from 
different imaging modalities into a single image, can facilitate correct images to be applied as the 
guidance in intra-operative operation. Monomodality registration, concerning proper visualization of 
useful image information, is always the first step in successful visualization and quantification of temporal 
changes in anatomy and physiology [1~2]. 
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The essence of image registration can be described as an optimization process which minimizes the 
difference between the two set of images. Various approaches to medical image registration have been 
proposed in the past several decades, falling into three main categories: the point-based algorithms, 
surface-based algorithms and volume-based algorithms. In general, point-based registration algorithms 
may result in inaccuracies and inconsistencies of image registration because of the low resolution along 
the longitudinal axis, the small number of corresponding markers, and inaccuracies in their placement or 
identification. Surface-based registration algorithms depend on a reliable and accurate surface 
segmentation, which is difficult to achieve in an easy and real-time way. However, volume-based 
registration algorithms involve the optimization of some similarity measures calculated directly from the 
voxel values [3].  
In contrast to the great number of literature concerning on special image regisrtation algorithms, there 
is few references about the registration evaluation or performance assessment, which is still a challenging, 
open and application-dependent problem. According to whether the ground truth is needed, the 
registration evaluations can be classified into two categories: ground truth based methods and methods 
without ground truth. The remarkable difference between these two categories is that the ground truth 
data are obtained by placing fiducial markers before, manually selecting tie-points, simulating gold 
standard data from the registered images or being produced with some specific equipments, etc [4]. 
Meta analysis is a method of research synthesis used to integrate and interpret empirical research 
studies and to summarize the results in a standardized format. A qualitative meta analysis is a type of 
structured qualitative study which uses as data the findings from other qualitative studies linked by the 
same or a related topic [5~6]. In this paper, we use qualitative meta analysis methods to analysis medical 
image registration evaluation based on the recent published literature. 
2. Methods 
Qualitative studies published between January 2007 and July 2011 that discussed the image 
registration evaluation and performance assessment are included in the analysis. The Entrez–PubMed 
database and CNKI database are searched using the keywords “image registration, registration evaluation 
and perormance assessment”.  
The evaluation criteria suggested by Aitkins et al. [5, 7] are used primarily to assess the identified 
studies, seen in Table 1. In addition to the quality assessment, reduplicate reports and studies without 
concrete evaluation index are excluded. The final data set comprises 8 articles of sufficient quality that 
addressed factors for the successful evaluation methods. 
Table 1. Criteria used to select publications to be included in the qualitative meta-analysis 
Study Evaluation Criteria 
Is this study qualitative research? 
Are the research questions clearly stated? 
Is the qualitative approach clearly justified? 
Is the approach appropriate for the research question? 
Is the study process clearly described? 
Is the role of the researcher clearly described? 
Is the method of data collection clearly described? 
Is the data collection method appropriate for the research question? 
Is the method of analysis clearly described? 
Is the analysis appropriate for the research question? 
Are the claims made supported by sufficient evidence? 
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3. Results
In the synthesis and analysis, all the 8 studies are summarized in Table 2, from the respectives of 
authors, year, country, research objective and evaluation statistics, respectively. 
Table 2. Factors identified for every publication 
Authors Year Country Research Objective Evaluation Statistics 
Avants 
Brian B 
et al [8] 
2011 USA 
Report evaluation results on 
cortical and whole brain labels 
for both the affine and 
deformable components of the 
registration. 
squared intensity difference;  
cross-correlation;  
voxel-wise mutual information
Pawiro
Supriya
nto et al 
[9] 
2010 USA 
Propose a new gold standard 
data set using a pig head with 
attached fiducial markers for the 
validation of 2D/3D image 
registration algorithms. 
projection distance errors 
(PDE); 
target registration errors (TRE)
Wei
Ying et 
al [10] 
2010 USA 
Report the analysis and 
comparison of five non-rigid 
image registration algorithms 
(Affine, AIR, Demons,SLE and 
SICLE) 
relative overlap; 
intensity variance; 
normalized ROI overlap; 
alignment of calcarine sulci; 
inverse consistency error; 
transitivity error 
Ito
Koichi 
et al 
[11] 
2009 Japan 
Propose a performance 
evaluation method using 
Mandelbrot fractal set 
root mean square 
Zhang 
Yunkai 
et al [3] 
2009 USA 
Evaluate 4 volumed-based 
automatic image registration 
algorithms from two  
commerically available 
treatment planning systems 
(Pillips Syntegra and BrainScan)
cross correlation; 
local correlation; 
normalized mutual 
information; 
BrainScan mutual information
Shen 
Jiankun 
et al 
[12] 
2008 UK 
Evaluate a flexible spring mass 
system image registration 
technique against the Demons 
and the B-spline Free 
Deformations 
distance error histogram 
Shu
Lixia et 
al [4] 
2007 China 
Propose an evaluation approach 
based on the registration curves 
ratio of half amplitude to half-
bind width; 
curvature variation 
Wei
Chunron
g et al 
[13] 
2007 China 
Analyze and assess the 
performance on image 
registration algorithms based on 
contour extraction and mutual 
information 
root mean square; 
cross entropy 
We can draw conclusions as following from Table 2: 
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1) Mutual information (MI) is currently a popular registration statistics method to scale the similarities 
between two image sets and for convenience of calculation and analysis. From the abundant literature, it 
is clear that MI lives up to its reputation of being a general applicable measure and it can be used without 
any preprocessing, user initialization or parameter tuning. However, from the conclusions of certain 
comparison studies and from the interest in adaptations of the measure, it can be inferred that MI may not 
be a universal effective measure for all registration situations. An obvious drawback of mutual 
information is that the dependence of the gray values of neighbor pixels is ignored. Such situations arise 
when the images are of low resolution, when the overlapping part of the images is too small or as a result 
of interpolation methods. A possible solution to failure of MI can be reduced to spatial information, 
something that is not contained in the measure. On the other hand, when monomodality registration using 
MI, failures or poor results are often found in that there are many local maxima in MI measure function, 
which cause problems with optimizer and lead to misregistration. 
2) In reference [8], the results indicate that the Demons registration algorithm produces the best 
registration results with respect to the relative overlap statistic; however, it produce nearly the worst 
registration results with respect to the inverse consistency statistic. This interesting fact illustrates the 
need to use multiple evaluation statistics to assess the algorithm performance comprehansively. 
3) Generally when the algorithms are estimated, more attention is paid on precision, stability, 
reliability, complexity and usability, especially on the first two parameters. The published 8 references are 
evaluation registration performance from parameters aspect. Except for these, robustness and speed are 
the two important factors for image registration algorithms. The robustness here means the ability to 
retrieve reasonable results from different initial conditions. It depends on many factors, such as 
anatomical information of images, initial conditions, modalities, and algorithms.  
4. Conclusion 
In this paper, we use qualitative meta-analysis methods to analyze medical image registration 
evaluation based on the recent published literature, mainly from the evaluation statics aspects. At present, 
there are still several problems existing on estimating methods [14]: 
1) A large number of parameters or algorithm design choices, both subtle and obvious, are selected by 
relying upon experience and good engineering principles, but without direct evaluation. 
2) There is still a long way to make good use of these methods and parameters to find a way to 
estimate an algorithm from all sides. 
3) The algorithms can not only be estimated by parameters and subjective estimation by experts, but 
also from algorithms characteristics, such as anti-noise performance, practicality, and so on. 
4) The conclusions drawn by this paper are still far from perfect for the lack of sufficient publications. 
Acknowledgements 
The authors acknowledge the support of National Natural Science Foundation of China (No. 
61005054), Natural Science Foundation of Jiangsu Educational Committee (No. 09KJD510004), Nantong 
Municipal Natural Science and Technological Application Foundation (No. K2009032), and Scientific 
Research Start-Up Foundation for PhD of Nantong University (No. 08B15). 
References 
503Min Tang and Feng Chen / Procedia Engineering 29 (2012) 499 – 503 Author name / Procedia Engineering 00 (2011) 0 0–000 
[1] Josien P W Pluim, J B Antoine Maintz, Max A Viergever. Mutual information based registration of medical images: a survey. 
IEEE T Med Imaging 2003;  22: 886-1004 
[2] Feng Lin, Guan Huijuan, Teng Hongfei. Advances in medical image registration based on mutual information. J Biomed Eng 
2005; 22: 1078-1081. 
[3] Yunkai Zhang, James C. H. Chu, Wenchien Hsi, Atif J. Khan, Parthiv S. Mehta, Damian B. Bernard, Ross A. Abrams. 
Evaluation of four volume-based image registration algorithms. Med Dosim 2009; 34: 317-322. 
[4] Lixia Shu, Tieniu Tan. Objective evaluation method for remote sensing image registration. In: MIPPR 2007: Remote Sensing 
and GIS Data Processing and Applications; and Innovative Multispectral Technology and Applications, Proc. of SPIE, Vol. 6790, 
2007
[5] Atkins, S., Lewin, S., Smith, H., Engel, M., Fretheim, A., Volmink, J.. Conducting a meta-ethnography of qualitative 
literature: lessons learnt. BMC Med Res Meth 2008; 8: 21-30. 
[6] Lipsey, M.W., Wilson, D.B.. Practical meta-analysis. CA: Thousand Oaks;  2001. 
[7] Bahloln Rahimi, Vivian Vimarlund, Toomas Timpka. Health information system implementation: a qualitative meta-analysis. 
J Med Syst 2009; 33: 359-368. 
[8] Brian B. Avants, Nicholas J. Tustison, Gang Song, Philip A. Cook, Arno Klein, James C. Gee. A Reproducible evaluation of 
ANTs similarity metric performance in brain image registration. Neuoimage 2011; 54: 2033-3044. 
[9] Supriyanto Pawiro, Primoz Markelj, Christelle Gendrin, Michael Figl, Markus Stock, Christoph Bloch, Christoph Weber, 
Ewald Unger, Iris Nöbauer, Franz Kainberger, Helga Bergmeister, Dietmar Georg, Helmar Bergmann, Wolfgang Birkfellner. A new 
gold-standard dataset for 2D/3D image registration evaluation. In: Medical  Imaging 2010: Visualization, Image-Guided Procedures,
and Modeling, Proc. of SPIE, 2010. 
[10] Ying Wei, Gary E. Christensen, Joo Hyun Song, David Rudrauf, Joel Bruss, Jon G. Kuhl, Thomas J. Grabowskid. 
Evaluation of five non-rigid image registration algorithms using the NIREP framework. In: Medical Imaging 2010: Image 
Processing, Proc. of SPIE, Vol. 7623, 2010. 
[11] Koichi Ito, Ayako Suzuki, Sei Nagashima, Takafumi Aoki. Performance evaluation using  mandelbrot images. In: 2009 16th
IEEE International Conference on Image processing, 2009, p. 4333-4336. 
[12] Jian-Kun Shen, Bogdan J. Matuszewski, Lik-Kwan Shark, Andrzej Skalski, Tomasz Zieli ski, Christopher J. Moore. 
Deformable image registration - a critical evaluation: Demons, B-Spline FFD and spring mass system. In: Fifth International 
Conference BioMedical Visualization: Information Visualization in Medical and Biomedical Informatics, 2008, p. 77-82. 
[13] Wei Chunrong, Zhou Yongjian, Lu Zhimin, Wan Li. Quantitative assessment of medical image registration performance 
based on statistical features. Guangxi Phys 2007;  28: 18-21. 
[14] Ximiao Cao, Qiuqi Ruan. A survey on evaluation methods for medical image registration. In: 2007 IEEE/ICME 
International Conference on Complex Medical Engineering, 2007, p. 718-721. 
